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^ (57) Abstract: .An endoscope ( I ) for use in minimally invasive surgery, comprises an inspection tube (2), provided with a light source 
(8). A len.s (3) is positioned on an angularly adjustable lens holder (4) at the distal pan of the inspection rube (2). A control organ 
(5). ai the proximal end of the inspection tube (2) is coupled with the lens holder (4) for its adjustment in relation to tlie inspection 

^ mbe. TTie light source (8) is positioned near the distal end at such a distance from the lens holder (4), that silhouenes perceivable by 
the lens (3) can be formed. 
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Endoscope 



The xnvention relates to an endoscope for use in minimally 
invasive surgery, comprising an inspection tube, which is 
■5 provided with a light source and which at its distal end 
opens into a lens. 

Such an endoscope is known, for example, from the 
article Human sense- of vision: a guide to future endo- 
scopic imaging- systems by the authors M.o. Schurr G 
10 Buess, E. Kunert, E. Fleming, H. Henmeking and L. 'cumb 
published in Minimally In vasive Ther;.pv and Alli^H T^r^v,. 
noloqies; 1996; No. 5, p. 410-418.. 

The endoscope disclosed in this article is formed 
as a straight inspection tube with the lens looking ahead 
15 Around the lens light conductors are provided for the il- 
lumination of the object to be inspected. The image ob- 
tained by such an endoscope is projected onto a monitor in 
order to provide the surgeon with visual information dur- 
ing the performance of the minimally invasive surgery 
20 However, this type of the imaging entails problems with 
regard to the perception of distances and movements per- 
pendicularly to the focal plane. 

A first problem is that the surgeon accommodates 
to the focal plane of the monitor and not to the actual 
25 objects. Depth perception is therefore problematic a fur- 
ther problem is that although the light source mounted 
around the lens provides a brighter image, it has an ad- 
verse effect on the surgeon's depth perception because of 
the absence of shadows. 

^° endoscope according to the preamble of claim 1 

IS known from US-A-3 , 572 , 325 . in the endoscope known from 
US-A-3,.572,325 the lens is positioned in the plane of the 
lens holder connected to the inspection tube, which lens 
holder is adjustable at an angle in relation to a substan- 

35 tiai part of the inspection tube. This feature makes it 

possible for the lens together with the light source to be 
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repositioned without moving the inspection tube of the en- 
doscope, so as to allow the image on the monitor connected 
to the endoscope to change in a natural manner. The ad- 
justability of the lens holder with respect to the inspec- 
tion tube thus provides an additional degree of freedom. 
The measures of freedom provided by said known endoscope 
are : 

1. rotation of the inspection tube; 

2 . movement of the inspection tube coaxially with 
the endoscope; 

3 and 4 . Movement of the lens holder in the plane of 
viewing 

5. the adjustability of the lens holder in respect 

of the inspection tube. 

A sixth measure of freedom may be formed by the 
possibility to rotate the lens holder around its axis. 
This movement may optionally also be effectuated by video- 
processing of the image that can be obtained with the 
known endoscope . 

The endoscope according to the invention is 
characterized in that the light source is positioned near 
the distal end at some distance from the lens holder, such 
that there is sufficient distance from the light source to 
the lens to form silhouettes which the lens is able to 
perceive. Using a light source in such a manner assists 
the endoscope's depth perception due to the shadow effect 
created as a result of the positioning of the light 
source . 

It is further desirable that the light source in 
relation to the inspection tube be adjustable at an angle. 
In this way the shadow effect can always be obtained for 
the respective direction of viewing. 

It is further advantageous for the light source 
to be adjustable simultaneously with the lens holder, to 
avoid the necessity of separate adjustment devices for op- 
erating the light source and the lens holder. 

Desirably the lens holder is continuously ad- 
justable in relation to the inspection tube between a 
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first position in the extended direction of the inspection 
tube, and a second position in which the lens holder forms 
an angle of approximately lio- in relation to the inspec- 
tion tube. This measure allows the lens holder to be 
pointed forward when inserting the endoscope into the pa- 
tient 's body, which avoids undesirable damage to the pa- 
tient's organs or other anatomical structures, while this 
considerable adjustability provides the additional possi- 
bility of viewing an object to be examined from all the 
angles that may be necessary in practice. 

The measures of freedom provided by the endo- 
scope according to the invention allow the unimpeded 
three-dimensional control of the image obtained therewith, 
irrespective of the position of the place of incision. 
With the endoscope according to the invention it is fur- 
ther possible to observe the examined anatomical structure 
from the side as well as from above and from below. The 
depth perception is greatly improved with the endoscope 
according to the invention, with the result that the sur- 
geon's eye/hand coordination attains a higher level, and 
less previous training is required for the successful per- 
formance of minimally invasive surgery. 

A convenient embodiment of the endoscope accord- 
ing to the invention is characterized in that at the 
proximal end, the inspection tube is provided with a han- 
dle, which is coupled with the lens holder for its adjust- 
ment in relation to the inspection tube. This allows the 
endoscope to be operated very simply by appropriately con- 
trolling the handle. 

Desirably, the handle is coupled with the lens 
holder by means of the inspection tube and by means of a 
separate adjustment coupling. This affords a simple and 
reliable embodiment, which allows the endoscope according 
to the invention to be realized at relatively low costs. 

A very suitable embodiment of said endoscope is 
thus characterized in that the handle and the lens holder 
are coupled cardanically with the inspection tube, and in 
that the adjustment coupling comprises control wires ar- 
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ranged between and coupled with the lens holder, such that 
the lens holder follows every movement of the handle. In 
this way the movement of the handle may be coupled di- 
rectly with the lens holder, providing a one-to-one cou- 
5 pling between lens holder and handle. Conveniently, the 
handle may be shaped like an arrow. In this way the sur- 
geon is able to obtain information regarding the viewing 
direction of the endoscope, whatever the position of the 
endoscope . 

10 The invention will now be elucidated with refer- 

ence to the drawings, which 

in Figures la to Ic show a very schematic repre- 
sentation of the endoscope according to the invention in 
three possible positions; and 

15 in Figure 2, schematically shows a few mechani- 

cal design aspects of the endoscope according to the in- 
vention. 

Identical reference numbers used in the figures 
refer to similar parts. 

2 0 The endoscope in the figures is generally indi- 

cated by reference number 1. Said endoscope 1 comprises an 
inspection tube 2 through which image signals are con- 
veyed. The distal end of the inspection tube 2 opens into 
a lens 3 . The lens 3 is positioned on a lens holder 4 con- 

25 nected with the inspection tube 2, which lens holder 4 can 
be adjusted at an angle in relation to the inspection tube 
2 . The images received via the lens 3 are processed fur- 
ther in the usual manner. For example, the lens 3 may be 
part of a camera that converts the image data into elec- 

30 tronic signals. These electronic signals are subsequently 
processed in the usual manner and displayed on a video 
display unit. The person skilled in the art is quite fa- 
miliar with this and there is no need for any further ex- 
planation . 

3 5 The lens holder 4 is continuously adjustable in 

relation to the inspection tube 2 between a first position 
in the extended direction of the inspection tube 2, and a 
second position in which the lens holder 4 forms an angle 
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of approximately lie in relation to the inspection tube 
2. This allows the endoscope to assume various positions, 
just a few of which are shown in the Figures la to ic. in 
each of these positions the endoscope is inserted through 
a patient's abdominal wall 9. Figure la shows a completely 
vertical position which corresponds with the prior art 90° 
endoscope. Figure lb shows the position of the endoscope 

1, wherein the lens 3 has been brought closer to the ob- 
ject to be observed, and Figure ic shows an adjusted posi- 
tion of the endoscope 1, wherein the object of investiga- 
tion is observed from one side. The Figures la to ic 
clearly show that for the control of the position of the 
lens 3, the inspection tube 2 is provided at the proximal 
end with a preferably arrow-shaped handle 5, which is cou- 
pled with the lens holder 4. Preferably the handle is cou- 
pled with the lens holder 4 by means of the inspection 
tube 2 as well as by means of a separate adjustment cou- 
pling, a possible embodiment of which is shown in Figure 

2. Figure 2 shows that the handle 5 and the lens holder 4 
are each cardanically coupled with the inspection tube 2 
and that the adjustment coupling comprises control wires 6 
and 7 that run between and are coupled with the handle 5 
and the lens holder 4, such that the lens holder 4 follows 
every movement of the handle 5. Due to the position of the 
arrow-shaped handle, the surgeon is constantly aware of 
the position of the lens holder. 

The Figures la to ic also show that the endo- 
scope 1 according to the invention is preferably provided 
with a light source 8 mounted on the inspection tube 2 
near the distal end of the inspection tube 2 at some dis- 
tance from the lens holder 4. The light source 8 is pref- 
erably adjustable at an angle in relation to the inspec- 
tion tube 2, in concurrence with the adjustability of the 
lens holder 4. One thing and another is preferably real- 
ized such that the light source 8 can be adjusted simulta- 
neously with the lens holder 4, so that operating the han- 
dle 5 causes both the lens holder 4 and the light source 8 
to be adjusted at the same time. 
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CLAIMS 

5 1. An endoscope (1) for use in minimally invasive 

surgery, comprising an inspection tube (2), which is pro- 
vided with a light source (8) and which at its distal end 
opens into a lens (3) which is positioned on a lens holder 
(4) , which lens holder (4) is adjustable at an angle in 

10 relation to a substantial part of the inspection tube (2) , 
to which end the inspection tube at its proximal end is 
provided with a control organ (5) , which is coupled with 
the lens holder (4) for its adjustment in relation to the 
inspection tube (2) , characterized in that the light 

15 source (8) is positioned near the distal end at some dis- 
tance from the lens holder (4) , such that there is suffi- 
cient distance from the light source (8) to the lens (3) 
to form silhouettes which the lens (3) is able to per- 
ceive . 

20 2 . An endoscope according to claim 1, character- 

ized in that the light source (8) in relation to the in- 
spection tube (2) is adjustable at an angle. 

3 . An endoscope according to claim 1 or 2 , charac- 
terized in that the light source (8) is adjustable simul- 

25 taneously with the lens holder (4) . 

4 . An endoscope according to one of the claims 1- 
3, characterized in that the lens holder (4) is continu- 
ously adjustable in relation to the inspection tube (2) 
between a first position in the extended direction of the 

30 inspection tube (2) and a second position in which the 
lens holder (4) forms an angle of approximately 110° in 
relation to the inspection tube (2) . 

5 . An endoscope according to one of the preceding 
claims, characterized in that the control means is a han- 

35 die (5), which is coupled with. the lens holder (4) by 

means of the inspection tube (2) and by means of a sepa- 
rate adjustment coupling, 

6 . An endoscope according to claim 5, character- 
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ized in that the handle (5) and the lens holder (4) are 
coupled cardanically with the inspection tube (2) , and in 
that the adjustment coupling comprises control wires (6,7) 
arranged between and coupled with the handle 5 and the 
lens holder (4), such that the lens holder (4) follows 
every movement of the handle (5). 

7. An endoscope according to claim 5 or 6, charac- 
terized in that the handle (5) is shaped like an arrow. 
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